abstract BACKGROUND: Differences in antibiotic knowledge and attitudes between parents of Medicaid-insured and commercially insured children have been previously reported. It is unknown whether understanding has improved and whether previously identified differences persist.
WHAT'S KNOWN ON THIS SUBJECT:
Attitudes and knowledge about appropriate management of common childhood illnesses may lead parents to mistakenly believe antibiotics are needed. Differences existed in antibiotic knowledge and attitudes between parents of Medicaid-and commercially insured children and according to other sociodemographic variables.
WHAT THIS STUDY ADDS: Despite efforts to decrease unnecessary antibiotic use, misconceptions about antibiotic use persist and continue to be more prevalent among parents of Medicaid-insured children. Tailored efforts for socioeconomically disadvantaged populations remain warranted to decrease parental drivers of unnecessary antibiotic prescribing.
Efforts to reduce antibiotic misuse and overuse are necessary to curb additional increases in antibiotic resistance. [1] [2] [3] [4] The United States saw decreases in antibiotic use for children during the last 2 decades, likely because of combined benefits of new professional guidelines, educational campaigns for patients and professionals, and introduction of new vaccines. [3] [4] [5] Although recent studies demonstrate that antibiotic use has decreased and perhaps leveled off, additional reductions in use and improvements in antibiotic selection are believed possible. [6] [7] [8] Among the factors contributing to pediatric prescribing, parental attitudes and knowledge about common childhood illnesses may lead parents to mistakenly believe antibiotics are needed, [9] [10] [11] [12] [13] [14] [15] [16] [17] particularly for respiratory tract infections, the most common indication for antibiotics among young children. 6, 8, 16, 18 Examples include the belief that antibiotics are needed to treat green nasal discharge, cough illnesses or bronchitis, and common colds or influenza. 16, [18] [19] [20] [21] [22] [23] [24] [25] Providers, in turn, may respond to their perception of parental expectations by prescribing unnecessary antibiotics. 26, 27 In previous studies, parental knowledge and expectation for antibiotics have been associated with parental age, race or ethnicity, and educational attainment, among other factors. 12, 19, 20, 23, 26 Data stratified by insurance type, Medicaid versus commercial, 19, 20 as a proxy for sociodemographic factors, have shown similar associations. With significant attention placed on educating the public about appropriate antibiotic use, it is plausible that misconceptions among parents have decreased over time. It is important to understand whether these changes, if they occurred, were similar across patients of varying insurance status and sociodemographic factors. Therefore, we sought to examine current knowledge and attitudes about antibiotic use among parents of young children from diverse sociodemographic backgrounds, assess predictors of particular misconceptions, and compare current knowledge and attitudes with those found in a similar survey conducted in 2000.
METHODS

Setting and Design
In spring 2013, we conducted a mailed survey of parents with children ,6 years old. Recipients were 600 randomly selected members of 1 commercial health plan and 900 randomly selected members of 1 Medicaid managed care plan living in Boston, Cambridge, and 16 other Massachusetts communities whose antibiotic use and resistance patterns had been studied previously. 19, [28] [29] [30] [31] One additional survey mailing was sent to nonresponders. In 2000, surveys were mailed to 2666 randomly sampled families located in only the 16 communities outside Boston and Cambridge. This sample was drawn from a non-managed care Medicaid system, and commercially insured families were drawn from 2 insurance plans (one of which was resampled in 2013). Methods for the 2000 survey were previously published. 20 Both studies were approved by the institutional review board of Harvard Pilgrim Health Care.
Survey Instrument
The 2013 survey included selected items from the 2000 survey. 19, 20 Domains included knowledge of common childhood infections and antibiotic indications, attitudes toward antibiotic use, health care use, and demographics. In the knowledge domain, 10 questions focused on the role of antibiotics for specific childhood infections and on the difference between viral and bacterial infections. Respondents were asked to indicate how often antibiotics were needed (always/almost always, sometimes, never or almost never, don't know) for 7 questions. Other questions asked whether colds were caused by viruses or bacteria, whether antibiotics were helpful in treating bacterial or viral infections, and, on a 5-point Likert scale, whether a child with a cold would be sicker without antibiotics. We considered responses correct if they reflected recommendations of the Centers for Disease Control and Prevention, Infectious Disease Society of America, and American Academy of Pediatrics and were consistent with published studies. 4, 19, 20, [32] [33] [34] Additional items were designed to identify parents who expressed strong expectations for receiving antibiotics when hypothetical situations were presented, suggesting they might be dissatisfied if antibiotics were not prescribed. In 2013, we also included new questions about awareness of antibiotic side effects and resistance, methicillinresistant Staphylococcus aureus, and treatment options for influenza. Finally, we explored the extent of trust families place in specific channels of health information, including physicians' offices, public health entities, pharmacies, child care or schools, advertisements, news stories on TV, radio, and newspapers, and social media sites. The survey was written in English, and all questions used a seventh-grade Flesch-Kincaid reading level 35 but included some medical language when assessing understanding of medical terminology (eg, virus, bacteria, and antibiotics).
Analysis
We compared 2013 demographic characteristics, child care attendance, and trust domains between commercially insured and Medicaidinsured respondents by using x 2 tests. We compared utilization rates by using Poisson regression. We calculated the percentages of correct responses to each of the knowledge questions and affirmative responses to the antibiotic expectation questions between insurance types and compared them using x 2 tests.
We selected 3 knowledge questions for additional analysis because they assessed misconceptions highlighted in previous studies as potentially important drivers of antibiotic overuse: "How often are antibiotics needed for colds or flu?" "How often are antibiotics needed for deep cough or bronchitis?" and "How often are antibiotics needed for runny nose or green nasal discharge?" 19, 20 Because insurance (public vs commercial) likely serves as a proxy for other sociodemographic variables more directly related to knowledge, we also looked at individual sociodemographic predictors: parent age, race or ethnicity, education, child age (,2 years old or $2 years old), and child care participation, for each of these 3 knowledge questions. All outcomes were dichotomized, and predictors were assessed in bivariate logistic regression and a multivariable mixed effects regression model that accounted for clustering by community.
We characterized an affirmative answer to $1 antibiotic expectation question as reflecting a proclivity to request or expect antibiotics. The analysis of predictors of a proclivity to request antibiotics used similar bivariate and multivariable models as those for knowledge predictors.
Analysis of Change From 2000 to 2013
We compared responses from the current 2013 survey with the knowledge and attitudes measured by the same items in 2000. 20 
RESULTS
Survey
Of the 1500 surveys mailed, 707 (47%) completed surveys were returned. Response rates were higher among commercially insured versus Medicaid-insured respondents (n = 354, 59% vs n = 353, 40%). We eliminated 9 respondents who were not parents (1 commercial and 8 Medicaid-insured). Nearly all respondents were mothers, and the groups did not differ by child age or gender ( Table 1 ). The proportion of commercially insured children in child care was higher (68% vs 54%, P , .01) and parents of Medicaid-insured children were more likely to be #30 years old, to be nonwhite, and to have less than a college education (P , .01).
The average number of reported antibiotic courses over the past year was ,1 among both Medicaidinsured and commercially insured children (P = .27). Few parents reported giving their child an antibiotic without talking to a physician first (3% vs 5%, commercial vs Medicaid, P = .29).
Similarly, very few reported requesting any specific antibiotic during a clinical encounter (2% vs 4%, commercial vs Medicaid, P = .18). Medicaid-insured parents generally expressed more concern for side effects from antibiotics compared with those commercially insured ( Table 1) . More commercially insured parents had heard of methicillinresistant Staphylococcus aureus compared with those insured by Medicaid (59% vs 36%, P , .01).
Approximately three-quarters of parents reported that their child received the influenza vaccine for the current season, with no difference by insurance type (P = .35).
Commercially insured parents were more aware of a prescription medicine to treat influenza than Medicaid-insured parents (33% vs 13%, P , .01).
Parents expressed high levels of trust in their physician to provide advice on prevention of coughs, colds, and the flu (Fig 1) . Other sources of information trusted by parents included the local department of public health and the Centers for Disease Control and Prevention, followed by pharmacists and child care or schools. Parents were less likely to trust advertisements and social media sites or online forums. Differences in trust between commercially insured and Medicaidinsured respondents were observed (Fig 1) .
Medicaid-insured parents were less likely than those with commercial insurance to answer knowledge questions correctly for nearly all questions (Table 2 ). For example, "How often are antibiotics needed for colds or flu?" was answered correctly by a greater proportion of commercially insured parents (78% vs 44%, P , .01), as was the question about antibiotics for green nasal discharge (53% vs 38%, P , .01). Only a small minority answered the item about deep cough or bronchitis correctly, with no difference between commercially insured and Medicaidinsured parents (16% vs 15%, P = .66). Parents with commercial insurance were less likely to endorse that they would rather give their child an antibiotic that may not be needed rather than wait to see whether an illness resolved (6% vs 21%, Medicaid P , .01), with similar patterns for other antibiotic expectation questions (Table 2) .
In bivariate analyses, parental age .30 years and college or more education were associated with answering the questions about colds and flu, green nasal discharge, and bronchitis correctly. 70 (20) 26 (8) 106 (14) 37 (20) 20 (7) 10 (6) (9) 70 (20) 24 (4) 12 (6) 24 (9) 20 (12 Among commercially insured parents, knowledge remained high (Fig 2,  Appendix) . Knowledge that green nasal discharge did not require antibiotics improved from 23% in 2000 to 49% among commercially insured respondents (P , .01). This increase was not as great among Medicaid-insured parents (22% in 2000 vs 32% in 2013, P = .02). Among Medicaid-insured parents, the percentage correctly answering the otitis media and strep throat questions actually decreased in 2013. We found very low levels of understanding that antibiotics are rarely needed for bronchitis, with marginal improvements over time in both groups (commercial insurance,
FIGURE 1
Parental trust in sources of information for prevention of coughs, colds, and flu, 2013. In multivariable modeling, the odds of a correct answer about green nasal discharge increased 4.8-fold between 2000 and 2013 among commercially insured respondents but only 2.1-fold in Medicaid-insured respondents (P , .01 for the difference in change between insurance types). We found no differential change in knowledge by insurance type for the 2 other questions of interest (antibiotics for bronchitis or for colds and flu). We did note differential changes in knowledge over time by other sociodemographic variables for particular questions. For example, the odds of a correct answer for colds and flu increased by 3.0-fold in 2013 versus 2000 among parents whose children were in child care but only 1.4-fold among those who were not in child care.
Among commercially insured, no significant differences over time were noted in the proportion of parents expressing a tendency to request antibiotics. However, Medicaidinsured parents in 2013 were more likely to answer $1 of these questions affirmatively compared with Medicaid-insured respondents in 2000 (46% in 2013 vs 25% in 2000, P , .01; Fig 3) . This effect remained after we adjusted for other predictors and their interactions over time for 2 expectation questions: satisfaction with a visit if the child did not receive an antibiotic and a preference for an antibiotic rather than watchful waiting. For example, among Medicaid-insured parents, the odds of answering that they would give an antibiotic instead of watching and waiting increased 1.4-fold. In contrast, the commercially insured parents were less likely to answer this question affirmatively in 2013, with an OR of 0.17.
DISCUSSION
Despite substantial overall decreases in antibiotic use among children over the past decade, knowledge gaps are widespread and more common among parents of publicly insured children. Among both insurance groups, parents had high rates of acceptable answers regarding illnesses in which antibiotics are indicated (streptococcal pharyngitis, otitis media); however, they were not as good at identifying illnesses or symptoms for which antibiotics are not needed, such as green nasal discharge, for which nearly half of all parents believed antibiotics were indicated. There is still a common perception of a need for antibiotics for "bronchitis" that is also prevalent in adults, in whom the diagnosis accounts for a substantial fraction of antibiotic use. 37, 38 Collaboration with a Medicaid managed care plan and a commercial insurance plan provided us a diverse sample of respondents. Medicaid-insured respondents were more likely to express strong expectations for antibiotics than those commercially insured, and the proportion expressing such expectations increased among Medicaid-insured parents in our 2013 sample. Socioeconomic drivers, such as child care, employment, or transportation needs, may be behind the increased expectation and deserve additional study. The perception of parental expectations of receiving antibiotics affects the decision to prescribe. 12, 26, 27 Whether the responses to these items reflect lower parent-provider trust would be important to determine in order to find ways to meet patients' needs while still decreasing unnecessary antibiotic use. 43 The survey included assessment of sources parents rely on for their medical information. Across insurance type, parents place high trust in their health care providers.
FIGURE 2
Percentage correctly answering knowledge questions in 2000 versus 2013 among Medicaid-insured and commercially insured parents (weighted responses in select Massachusetts communities).
FIGURE 3
Percentage endorsing statements suggesting an expectation for antibiotics in 2000 versus 2013 among Medicaid-insured and commercially insured parents (weighted responses in select Massachusetts communities). Limiting educational interventions to these sources may miss opportunities to reach audiences that rely on other sources. For example, parents in this sample also reported high levels of trust in information obtained through pharmacies, suggesting they may also be potential sites for interventions, particularly as more care is provided in retail-based clinics. 53, 54 The respondents surveyed do not make up a nationally representative sample. Although our response rates were similar to those seen in other studies, including among Medicaidinsured participants, the results may not be representative of nonrespondents. 19, 20, 55, 56 Because this survey was conducted in written English within a multilingual population, biases in who responded to our survey may have resulted. The modeling of race or ethnicity included a forced category of "Latino/Hispanic" for race to compare across study years. Although some terms such as virus, bacteria, or even antibiotic may not have been understandable to respondents, it is the health literacy related to these terms that was of interest, so that we can better understand how they should be used in future educational campaigns.
CONCLUSIONS
Despite large-scale educational campaigns to decrease antibiotic misuse, deficits in parental knowledge persist. In our sample, the majority of commercially insured parents were better informed about appropriate use of antibiotics, and misconceptions (and misguided expectations) for antibiotics may even be growing among those publicly insured. From the perspective of patients, the concepts involved are quite complex. They include differences between viruses and bacteria and the fact that the former are never treated (with the exception of influenza), whereas the latter may be (but are not always). Developing additional population-level interventions will require a deep understanding of disparities in access to specific streams of information and tailoring messages for families with varying health literacy levels. New strategies to change expectations about antibiotic use must be a continued focus of public health initiatives. These initiatives will be more effective if they address local knowledge and attitudes and tailor interventions to combat specific misconceptions.
